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MULTIPLE ANALYTE ASSAYING DEVICE 


WITH A MULTIPLE SAMPLE INTRODUCTION SYSTEM 


693 


The present invention generally relates to an assaying device and more 
5 specifically relates to an analyte assaying device with a multiple sample introduction 
system. 

Devices for testing for the presence of single or multiple substances, (i.e. 
"analytes") in a single fluid sample, for example a urine or blood specimen, are well 

10 known. The demand for inexpensive, accurate and simple to use devices for testing, or 
assaying, biological specimens has increased in recent years. Various commercial 
assaying devices are available for use in hospitals, clinics, research laboratories, at home 
and in the workplace. Following now are some specific, common examples illustrating 
the use of assaying devices. For example, in a hospital setting, patients are often 

15 subjected to massive dosages of antibiotics to defeat an infection, and thereafter a small 
amount of blood may be withdrawn from the patient and the serum assayed for 
determining if an appropriate amount of antibiotic is present in the blood. As another 
specific example, in a hospital emergency room where an overdose patient has impaired 
cognitive function, or is a small child unable to communicate, the type of drug overdosed 

20 may be quickly determined using an available assaying device in order to ensure correct 
administration of treatment. Assaying devices are commonly used in other settings as 
well. For example, many employers now routinely administer so called "drug tests" to 
prospective and current employees in order to maintain a safe work environment. In 
addition, pregnancy and fertility test kits adapted for "in home" use, are now widely 

25 available to consumers. Such test kits include assaying devices which are, for the most 
part, accurate, and very easy to use. 

A common form of assaying device is a lateral flow test device which generally 
includes a porous element of nitrocellulose or paper, typically in strip form, having 



chemical reagents striped or incorporated onto specific regions, or "zones" thereof. One 
zone may include a specific binding reagent for the analyte, bearing a visible label such as 
a colored latex particle. The labeled reagent is incorporated onto the porous element in a 
manner that allows it to freely migrate through the porous material, in the presence of a 
5 liquid specimen sample. Another zone, spatially distinct from the first zone, may include 
an unlabeled specific binding reagent having specificity for same analyte as the first zone, 
and which is capable of participating with the labeled reagent in either a "sandwich" or 
"competition" reaction. The unlabeled specific binding reagent may be firmly 
immobilized on the porous element such that it is not free to migrate through the porous 
10 material, even in the moist state. In a "sandwich" type assay, any analyte present in the 
specimen sample will become labeled as it is carried through the porous element and 
bound, where its presence is manifested by a detectable color change. 

Many such test devices for detecting body fluid components are capable of 
15 making not only qualitative, but also quantitative or semi-quantitative measurements. 
Thus, by observing a color change response after a certain period of time, an analyst can 
obtain not only a positive indication of the presence of a specific component, but also an 
estimate of how much of the component is present in the sample. 

20 Assaying devices may take the form of a dip-and-read type device, in which one 

portion of the porous element is immersed in a specimen sample, such as in a collection 
cup, or a urine stream. May et al. U.S. Patent No. 5,602,040 issued on February 1 1, 1997, 
discloses such a dip-and-read type device which includes an elongated case having a 
porous test strip disposed within, and a protective, removable cap or shroud. The cap is 

25 used to cover a sample receiving member protruding from the casing, after the sample 
receiving member has been contacted with a urine specimen. Other assaying devices are 
designed to be placed horizontally on a table top and include a case enclosing a porous 
test element, the casing typically including a receptacle in which a measured amount of 
specimen sample is deposited using a syringe, for example. 
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Conventional assaying devices have also been developed which include multiple 
lateral flow test elements which allow for detection of more than one type of analyte in a 
single fluid specimen. For example, U.S. Patent No. 5,976,895 issued to Cipkowski on 
November 2, 1999 discloses such a device. The Cipkowski device includes a transparent 

5 container having a lid with a slit for receiving a single test card having multiple test 

strips. Procedure of use requires a test subject to fill the container with a urine specimen, 
and place the lid on the container. The test card with multiple strips is then manually 
inserted through the slit in the lid such that a portion of each strip is immersed in the 
specimen. Each strip absorbs some of the specimen. The card is left in the container for 

10 a period of time and test results are read on the test card by observation through the 
transparent container walls. 


Although these and other assaying devices are generally easy to use in both a 
clinical and home setting, the procedures of their use are less than desirable in a situation 
15 where many different tests must be conducted on a regular, frequent basis, for example at 
a drug testing laboratory. 


It would be highly desirable to be able to test a single fluid specimen for a number 
of different substances using a compact, unitary device which requires no measuring or 
20 timing. Moreover, it would be advantageous if such a device was designed to require 
minimal handling, was sanitary to use and did not require separate caps or coverings to 
prevent contamination of the laboratory work table. 

The present invention provides a sample fluid test card device containing single or 
25 multiple test strips for assaying a fluid specimen. The present device promotes hygienic 
laboratory conditions, is easy to use, and facilitates the assaying process in comparison to 
currently available assaying devices. 
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Summary of the Invention 

Accordingly, an analyte assaying device with a unique sample introduction system 
is provided. The device enables automatic specimen volume measurement, automatic 
5 controlled specimen metering, no wet contact of the device with the laboratory counter 
top, controlled now venting for preventing test strip flooding and other advantages 
features which facilitate assaying of a fluid specimen. 

Generally, the device comprises a casing and means, disposed in the casing, for 
10 assaying a fluid specimen, for example, but not limited to a biological fluid specimen, for 
example urine. The assaying means preferably comprises a testing assembly including at 
least one test strip element, disposed within the casing. In one embodiment of the 
invention, the test assembly comprises multiple lateral flow test strips for enabling 
several different assays to be performed on a single fluid specimen. Each test element 
15 includes a sample introduction region and a detection region where chemical interactions 
take place to reveal a presence or absence of an analyte of interest depending upon the 
assaying test being performed. The test assembly preferably further comprises a sample 
pad for receiving the fluid sample, and an absorbent end pad. The sample pad may 
overlap the sample introduction region of each of the test elements. The fluid specimen 
20 absorbed by the sample pad then permeates and is absorbed by the sample introduction 
region of the test element and migrates into the detection region by capillary action. The 
absorbent end pad, provides means for absorbing any excess fluid or moisture in the 
casing before, during and/or after the assaying procedure. 

25 The casing preferably comprises a cover, a base, a pocket portion and an 

observation portion. The cover and base form a substantially hollow cavity within the 
casing in which the testing assembly is disposed. Multiple frets are defined by interior 
surfaces of the cover and/or base in order to secure alignment of the test elements. 
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The observation portion of the casing defines at least one window opening for 
enabling observation of portions of the test elements. For example, multiple window 
openings may be provided for enabling observation of test results displayed on one or 
more portions of each of the testing elements. Alternatively, the casing may be at least 
5 partially transparent in order to enable visual observation of the test elements. For 

example the casing may include no window openings and may be made of a clear plastic 
material. 


Importantly, the pocket portion defines a pocket sized to contain a predetermined 
10 volume of the fluid sample to be tested. In the multiple test element embodiment of the 
invention, the pocket is sized and adapted to contain at least a volume of fluid that is 
sufficient to run all of the multiple test elements to completion after a quick (e.g. between 
about one second and five seconds) dip into the test fluid. Consideration is given to any 
amount of fluid that will naturally be retained by the sample pad after the assaying 
15 procedure has run to completion. 

The device in accordance with the present invention further includes means for 
automatic controlled metering of the fluid specimen onto the sample pad. More 
specifically, the pocket portion of the casing further includes a feed element having at 

20 least one feed inlet defined therein for providing fluid transfer between the pocket and the 
testing assembly. The feed element projects from the interior surface of the casing cover 
and provides pressure against the sample pad. Advantageously, the structure of the feed 
element and feed inlets and their relationship with the sample pad, assure a metered, 
controlled release of the fluid sample, thus preventing saturation of the test assembly and 

25 flooding of the casing cavity. This feature of the present invention functions to control 
specimen metering regardless of whether the device is vertically positioned or 
horizontally positioned, the importance of which will become better appreciated upon 
further review of the present description. 
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The pocket portion is preferably sized and shaped to facilitate capture of the 
predetermined volume of fluid when the pocket portion of the device is momentarily 
submerged in a fluid specimen, for example a urine specimen contained in a collection 
cup. The base and cover are sealed at adjoining edges thereof to prevent fluid from 
5 entering the casing from anywhere other than through the feed inlets in the pocket 
portion. 

Another advantageous feature of the present invention includes support means, 
defined for example by a depending portion of the base, for propping or elevating the 

10 pocket portion of the casing when the device is placed on a level surface, in a 

substantially horizontal position, for example a laboratory counter top. This feature of 
the device is designed to enhance cleanliness of a laboratory in which many assaying 
procedures may be regularly conducted. More specifically, the support means is designed 
to prevent any "wet" contact of the pocket portion of the device, particularly after the 

15 pocket portion has been dipped or submerged in the fluid specimen. Advantageously, this 
allows a laboratory technician to dip or submerge the device in the collection cup in order 
to obtain the appropriate volume of fluid to run the test, and thereafter immediately place 
the device aside directly on the counter top without causing any wet contact between the 
device and the counter top. Moreover, with the present invention there is no need for 

20 special racks, hooks, support trays or other holders for supporting the device while the 
chemical reactions are taking place. 

As an alternative procedure of use, the device may initially be placed on the 
laboratory counter top, in the horizontal position, and fluid specimen transferred from a 
25 source into the casing pocket by means of a pipette for example. The technician would 
simply fill the pocket without the need for any precise measurement, as the pocket is 
sized to contain the proper amount of fluid sample. The fluid sample will be absorbed at 
the appropriate rate from the supply held in the pocket. 
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Another feature of the present invention is means for facilitating manual handling 
of the device. For example the casing may be configured with appropriate recesses and/or 
textured gripping surfaces appropriately positioned to facilitate the manual handling of 
the device when the device is dipped into or otherwise submerged in the specimen. 


The present invention and the objects and advantages of will be more clearly 
understood and appreciated with reference to the following detailed description when 
10 considered in light of the accompanying drawings of which: 

Figure 1 shows a perspective view of an analytical test device in accordance with 
the invention, the device generally including a cover and a base; 

Figure 2 shows an exploded view of the device shown in Figure 1; 

Figure 3 shows a top plan view of the device shown in Figure 1, with the cover 
15 removed therefrom; 

Figure 4 shows a perspective view of an interior surface of the cover; 

Figure 5 shows a cross sectional view of the device, taken across line 5-5 of 
Figure 1; 

Figure 6 shows a partially cut away view of a pocket portion of the device shown 
20 in Figure 1 taken along 6-6 of Figure 5; 

Figure 6a shows a partially cut away view of an alternative pocket portion of the 
device shown in Figure 1 ; 

Figure 6b shows a cross sectional view of the device 10 including the alternative 
pocket portion shown in Figure 6a; and 
25 Figure 7 shows a perspective view of a bottom of the device shown in Figure 1 . 
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Brief Description of the Drawings 


Detailed Description 


Turning now to Figures 1, 2 and 3, an analytical test device 10 in accordance with 
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the present invention is shown. The device 10 generally comprises a casing 12 including 
a cover 14, a base 16, and a testing assembly 18, disposed generally between the cover 14 
and base 16, providing means for assaying a biological fluid specimen, for example but 
not limited to, urine. 


The casing «2 maybe made of any suitable material or materials of manufacture, 
such as plastics malerial with the cover 14 and base 16 being molded separately and 
thereafter fastened together in a tight fit to ensure security against ingress of fluid through 
seams of the casing 12. Preferably, the cover 14 and base 16 are sonically welded 
together in order to pbrovide a fluid tight seal therebetween. 

Referring now specifically to Figures 2 and 3, the testing assembly 18 comprises 
at least one test element 22. In the shown embodiment, the testing assembly 18 
comprises a plurality of test elements 22, for example five lateral flow test strips, as 
shown. For purposes of the present description, each test element 22 may be generally 
defined as including a sample introduction region 24, and a detection region 25. Each of 
the test elements 22 provides means for determining a presence, absence, or relative 
quantity of a substance of interest in a fluid sample absorbed into the sample introduction 
region 24 of the test element 22. 

The testing assembly 18 preferably further comprises a sample receiving member 
28, hereinafter referred to as a "sample pad 28", and a residual moisture absorbing 
member 30, hereinafter referred to as an "end pad 30". The sample pad 28 preferably 
overlaps or overlays the sample introduction region 24 of each of the test elements 22. 
The sample pad 28 may be comprised of any suitable porous material that will allow 
release of fluid into the test elements 22 when the sample pad 28 is in a moist state. 
When the fluid is deposited on the sample pad 28, as will be described hereinafter, the 
fluid will become absorbed by and permeate each and every test element 22 in contact 
with the pad 28. The fluid specimen will then migrate by capillary action through each 




and every test element 22 toward the residual moisture absorbing element 30. 

Each test element 22 may be comprised of a porous carrier material, such as a 
rectangular, nitrocellulose test strip, having analyte specific reagent "zones" incorporated 
thereon in a conventional fashion. It is noted that manufacturing specifics of test 
elements 22 useful in the present invention are not described in great detail herein, as 
such details are well known and are not considered a part of the present invention. Any 
variety of materials, methods and manufacturing techniques can be used for producing the 
test elements 22 in order to achieve the desired purpose. 

For example, the reagents can be applied to the carrier material in a variety of 
ways. Various printing techniques have previously been proposed for application of 
liquid reagents to carriers, for example, micro-syringes, pens using metered pumps, direct 
printing and ink-jet printing, and any other conventional technique may be used in the 
context of the present invention. To facilitate manufacture of a number of identical test 
elements, a sheet of porous carrier material may be treated with reagents and then the 
sheet cut into smaller portions (e.g. strips) each embodying the required reagent 
containing zones. 

The base 16 of the casing 12 preferably includes positioning means for aligning 
and/or securing the test assembly in the casing. For example, as shown in Figure 2, 
multiple frets 34 project from and are defined by an interior surface 36 of the base 16. 
The shown layout of frets 34 function to maintain the spaced apart relationship of the test 
elements 22, and secure the desired positional arrangement of the test elements 22, the 
sample pad 28 and the end pad 30. Alternatively or additionally, frets or other 
positioning means may be provided on the casing cover 14. Turning as well now to 
Figure 4, fastening elements 38, 39 may be provided for engaging the cover 14 and the 
base 16. \ 

Referring\pw particularly to Figures 1 and 4, the casing 12 includes a pocket 
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portion 42 and an/observation portion 44. More specifically, the pocket portion 42 
defines a pocket 48 sized and adapted to contain a predetermined volume of a fluid 
sample. The pocket 48 is sized for containing a predetermined volume of fluid specimen 
necessary to run all of the test elements 22 to completion following quick momentary 
5 submersion into the test fluid. As a specific example, device 10 is adapted to 

accommodate Five test elements 22 and each test element 22 requires about 50 microliters 
(which is abouit one drop) of fluid (e.g. urine) for completion. Consideration is of course 
given to the small volume of fluid that will naturally be retained by the sample pad 28. 
The pocket 48 in this example is sized to contain about 0.3 mL (i.e. 300 microliters) of 
10 urine. j 

Importantly, the pocket portion 42 further defines a feed element 52, shown in 
Figures 4 ana\5. As shown in Figure 5, the cover 14 and base 16 define a generally 
hollow cavity 54 in which the testing assembly 18 is disposed. The feed element 52 is 
15 defined by an interior surface 55 of the casing cover 14. Referring now briefly to Figure 
4, the feed elemenr\52 includes a generally planar surface 56. Turning as well to Figure 
6, the generally planar surface 56 is in contact with and importantly, provides pressure 
against the sample pad v8. Advantageously, the structure of the feed element 52 and the 
pressure thereof against me sample pad 28 feature provides means for automatic 
20 controlled specimen metering of the fluid specimen from the pocket 48 and onto the 
sample pad 28, after the devke 10 is manually dipped (preferably for a maximum 
duration of between about one\second and about five seconds) into the test fluid. 

The feed element 52 includes at least one feed inlet 58 defined through the 
25 generally planar surface 56 of the feed element 52. A plurality of feed inlets 58 may be 
provided as shown in Figures 4 and 6. Alternatively, as shown in Figure 7, a single 
elongated feed inlet 58, defined along the length of the feed element 52 may be provided. 
Importantly, the feed element 52 is designed to provide sufficient pressure between the 
generally planar surface 56 and the sample pad 28 in order to control a rate of fluid 
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release. 


Preferably, each one of the plurality of feed inlets 58 is generally aligned with one 
of the test elements 22. The multiple inlets 58 are preferably equidistantly spaced apart 
5 from one another along the feed element 52. In one embodiment of the invention, at 
least five feed inlets 58 and up to seven feed inlets 58 are provided, wherein each of the 
feed inlets 58 has a diameter of about 0.042 inches. 


10 the feed element 52 against the sample pad 28 assures a controlled release of the fluid 
sample contained in the pocket 48 through the inlets 58. Advantageously, this provides 
for an automatic, controlled rate of absorption of fluid by the sample pad 28 and prevents 
the device 10 from flooding by fluid entering the casing cavity 54 too rapidly through the 
inlets 58. 


As the sample pad 28 absorbs the fluid through the small inlets 58, the fluid will 
permeate and become absorbed by each test element 22 at a suitable rate, and in 
substantially equal proportions, for the chemical reactions to take place. Likewise, for the 
single feed inlet 58a shown in Figures 6a and 6b, the length and width of the feed slot 58a 
20 determines the rate of absorption of fluid by the sample pad 28. 

Referring now to Figures 6a, an alternative feed inlet 58a in accordance with the 
invention, comprises, for example, a single slot 58a defined along feed element 52a. The 
feed inlet slot 58a is, for example, about one inch long and about 0.050 inches in width. 
25 More generally, the feed inlet 58a is preferably sufficiently long to extend across each of 
the test elements 22 disposed in the casing 12. 

Like the feed element 52 described hereinabove, and shown in Figure 6, the 
alternative feed element 52a includes a flat portion 56a (see Figure 6b). The flat portion 


The small size each of the plurality of feed inlets 58, and the pressure provided by 
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56a is in contact with and pressed against the sample pad 28. The pressure of the feed 
element 52a against the sample pad 28 and the size of the feed inlet slot 58a controls the 
rate of fluid release from the pocket 58 and the rate of fluid absorption by the sample pad 
28. 

As described above, the feed inlet 58a or plurality of feed inlets 58 are sized 
sufficiently small to provide an appropriate rate of fluid transfer from the pocket 48 to the 
testing assembly 18, more specifically to the sample pad 28. 

Tne appropriate volume of fluid sample for running the test may be deposited in 
the pocket\48 by simply dipping the pocket portion 42 of the device 10 into a fluid 
collection cup (not shown) containing a urine specimen. No precise timing is necessary. 
A brief one second to about five second dip assures that the appropriate volume of test 
fluid will be deposited in the pocket 48. 

Importantly, as mentioned hereinabove, the device 10 is dipped into the urine 
specimen for only brief moment. If the device 10 is held too long in the fluid specimen, 
the device may become flooded and the test fail. It has been found that a dip lasting 
between about one second and about five seconds is typically sufficient to fill the pocket 
without flooding the device. 

Alternatively, a small amount of urine sample may be deposited into the pocket 
48, for example, by using a small pipette (not shown) or other means to transfer fluid 
specimen into the pocket 48. The laboratory's selected operating procedure will typically 
determine if the device 10 is dipped into the urine specimen or if a pipette is used to 
transfer the urine into the pocket 48. 

It has been found that when the pipette method is used to transfer fluid into the 
pocket 48, the device 10 operates more effectively when the feed inlet comprises the slot 
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shaped feed inlet 58a shown in Figures 6a and 6b. Both designs worked well when the 
dipping method was used. However, when using the pipetting method and the multiple 
feed inlets 58, occasionally one or more of the inlets 58 would not fill consistently. 
Although not wishing to be bound by any particular theory of operation, it is believed that 
5 when using the pipetting method, there is insufficient hydrostatic pressure to displace air 
and fill all of the inlets 58 consistently with the small volume of test fluid, namely urine, 
in the pocket 48. When inlet size is increased, the test device 10 would occasionally 
flood. It was found that the feed inlet slot 58a, along with adequate pressure against the 
sample pad 28, provided beneficial results when the urine sample was transferred to the 
10 pocket 48 by pipette technique. It was also found that acceptable test results were 
achieved by quickly submersing the pocket portion 42 of the device 10 (with either 
multiple feed inlets 58 or single slot feed inlet 58a), into a container holding the test fluid, 
and removing the device 10 within the first five seconds. 

15 In addition, the device 10 may include grip means, for example contours 64 and 

textured finger grip 66 for facilitating manual handling of the device 10. The molded 
contours 64 and textured grip 66 are positioned on the casing 12 in a manner which will 
assist a user of the device 10 in effectively dipping, or partially submerging, the device 
10 into a fluid collection container (not shown) to obtain an appropriate amount of fluid 

20 specimen in the pocket 48. 

Turning back now to Figure 1, the casing 12 further includes an observation 
portion 70, defining for example at least one window opening 72, for enabling 
observation of test results. Alternatively, the casing cover 14 may be comprised of a 
25 clear plastic material or the like. In the shown embodiment, the plurality of test elements 
22 enable five different tests to be performed on a single fluid specimen absorbed by 
sample pad (not shown in Figure 1). In this embodiment 10, multiple window openings 
72 are provided, each window 72 revealing a particular reagent zone 74 (see Figure 3) of 
the test elements 22. Additional windows, for example round windows 72' may be 
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provided, each for revealing a control zone 76 (see Figure 3) of each test strip 22, to 
provide a visual indication of test validity and to gauge assay completion. 

Attention is now directed specifically to Figure 5. The present invention 10 
preferably further comprises support means 80, for example a rail 84 or other structure 
depending from the casing 12, for preventing "wet" contact of the device 10 with a table 
or counter top 88 while assaying is taking place. Turning now as well to Figure 7, which 
shows an underside surface 90 of the base 16, the rail 84 is shown as being disposed 
along a portion of a perimeter of the base 16. The rail 84, or more specifically, a surface 
contact edge 89 of the rail 84, does not extend as far as the pocket portion 42 of the 
casing 12. The rail 84 is structured to elevate the pocket portion 42 above the surface 88 
upon which the device is placed, when the device 10 is disposed in a substantially 
horizontal position. 

Advantageously, the support means 80 allows a laboratory technician to briefly 
dip or submerge the device 10 in a collection cup (for between about one and about five 
seconds) in order to capture, in the pocket 48, the appropriate volume of fluid specimen 
required without a precise timing step. Thereafter, the technician can immediately place 
the device 10 on the laboratory counter top 88 without causing any wet contact therewith. 
The technician can attend to other matters while the assay is taking place. 

The present device 10 is designed to be very easy to use and requires no precise 
measurements of fluid volume or timing. Moreover, a complete assaying test, even a test 
for multiple analytes, can be performed with a single manual step when using the device 
10 of the present invention. 

Mote particularly, once a specimen has been collected in a collection cup (not 
shown), for example after a test subject has filled a collection cup with urine, the 
technician or analyst can perform the entire assaying procedure by grasping the device 10 
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by contours 64 and finger grip 66 and dipping the device 10 into a fluid specimen, at least 
up to a "fill-lime" 98 (see Figure 1), but not as far as the observation windows 72. After 
briefly dippin \ the device 10 in the specimen, the device 10 may then be touched to an 
edge of the collection container to remove any droplets of urine adhering to the casing 12, 
particularly on the dipped portion (i.e. pocket portion 42) of the casing 12. The device 10 
having the pocket 48 filled with the fluid specimen, is then placed on the table or counter 
top 88 in the horizontal position, such as as shown in Figure 5. 


Advantageously, the damp or wet portion (i.e. pocket portion 42) of the device 10 
10 is supported above and out of contact with the table or counter top 88 by means of the rail 
84 depending from the base 16. This feature is designed to enhance laboratory efficiency 
and cleanliness, particularly in a laboratory where frequent and numerous assaying tests 
must be performed on a limited work space and within a short time period. For example, 
a potential time savings may be realized by minimizing work surface contamination since 
15 the fluid specimen is kepi completely out of contact with the work surface even though 
^ the device is placed directly on the work surface as shown. It can be appreciated by those 
of skill in the art that the assaying device 10 in accordance with the invention is designed 
to contributes to a cleaner, more sanitary work area than conventional dip-and-read 
devices which require eithen the device be manually held during the testing procedure, 
20 hooked on the collection container, or placed in a wet condition on a work surface. 


Although there has been hereinabove described a multiple analyte assaying device 
with a multiple sample introduction system, in accordance with the present invention, for 
purposes of illustrating the manner in which the invention may be used to advantage, it 
25 will be appreciated that the invention is not limited thereto. Accordingly, any and all 

modifications, variations, or equivalent arrangements which may occur to those skilled in 
the art should be considered to be within the scope of the present invention as defined in 
the appended claims. 


15 


